In the diagnosis of mesial temporal sclerosis (MTS), sensitivity, specificity and predictive values of qualitative assessment using conventional magnetic resonance imaging are low, mainly in mild or bilateral atrophy. Quantitative analysis may improve this performance. We evaluated the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of quantitative analysis using the hippocampal volumetric index (HVI) and hippocampal asymmetry index (HAI) compared with qualitative assessment in the MTS diagnosis. Twenty-five patients diagnosed with MTS, and 25 healthy subjects underwent conventional magnetic resonance imaging. Hippocampal volumes were obtained using an automated software (FreeSurfer); HVI and HAI were calculated. Receiver operating characteristic curve analysis was performed to obtain the optimal threshold values. Sensitivity, specificity and predictive values were calculated. Sensitivity, specificity, PPV and NPV for qualitative analysis were 44.00%, 96.00%, 91.67% and 63.16%, respectively. In the quantitative analysis, a threshold value of K ¼ 0.22 for HVI provided a sensitivity value of 76.00%, specificity value of 96.00%, PPV of 95.00% and NPV of 80.00%. A threshold value of K ¼ 0.06 for HAI provided the minimum C1 and C2 errors, with a sensitivity value of 88.00%, specificity value of 100%, PPV of 100% and NPV of 89.30%. A statistically significant difference was observed for HAI (P < 0.0001), and ipsilateral HVI (left MTS, P ¼ 0.0152; right MTS, P < 0.0001), between MTS and healthy groups. The HVI and HAI, both individually and in conjunction, improved the sensitivity, specificity and predictive values of magnetic resonance imaging in the diagnosis of MTS compared to the qualitative analysis and other quantitative techniques. The HAI is highly accurate in the diagnosis of unilateral MTS, whereas the HVI may be better for bilateral MTS cases.
Introduction
Epilepsy is one of the most common neurological disorders and is frequent in low and middle-income countries, according to reports from the World Health Organization. In 2013, the Pan American Health Organization estimated that close to 50 million people around the world had epilepsy. 1, 2 Although the standard medical treatment of this syndrome is based on drug administration to control seizures, 30% of patients are refractory to this treatment. In temporal lobe epilepsy, resective surgery has been shown to be curative in 70% of cases, and approximately 25% of patients show a significant decline in seizures after surgical treatment. [3] [4] [5] [6] [7] [8] The main cause of refractory epilepsy is mesial temporal sclerosis (MTS), representing between 50% and 70% of cases and characterised, pathologically, by neuronal loss, atrophy and gliosis of the temporal structures. 2, 9, 10 The most common surgical procedure is the resection of the anterior region of the temporal lobe and the mesial structures. As such, a presurgical evaluation of the epileptogenic focus is of vital importance in order to avoid postoperative deficits in memory and language functions. 9, 10 The characteristic findings of this pathology in diagnostic imaging studies are atrophy of the hippocampus, with an increase in the intensity of the signal on T2-weighted sequences. [11] [12] [13] [14] Conventional magnetic resonance imaging (MRI) has reported low predictive values in the identification of hippocampal atrophy.
of the head of the patient, alteration of the signal intensity, or mild or bilateral hippocampal atrophy; there is a high risk of false negatives during qualitative assessment, for even the most expert observers, so that invasive monitoring is still needed in order to determine the lateralisation of the seizure activity. 15, 16 In the last few decades, quantitative methods using MRI for the identification of changes in mesial structures have been evaluated by multiple authors. Studies have assessed the usefulness of MRI techniques such as magnetic resonance spectroscopy (MRS), positron emission tomography (PET), perfusion-weighted imaging (PWI) and T2 relaxometry, in the diagnosis of MTS patients. 12, 13, [17] [18] [19] In comparison with these techniques, evaluation by magnetic resonance of the hippocampus volume has shown higher predictive values in the identification of unilateral and bilateral MTS. 12, 13, 16 However, this technique is demanding of time and is dependent on the experience of the observer in charge of the delineation of the boundaries of the structures under evaluation. Automatic methods for the identification of hippocampal atrophy have been the subject of development in the past few years, and have shown promising results in the identification of hippocampal atrophy in comparison with manual techniques. 20, 21 Although there are numerous reports of studies to evaluate the volume of the hippocampus affected in MTS, there are no reports that are focused on comparisons between the hippocampal volumetric index (HVI) and the hippocampal asymmetry index (HAI) in a joint and individual analysis, taking into account the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and diagnostic accuracy. In the present study, we evaluated our experience using automated methods in the quantitative analysis of MRI studies in the evaluation of patients with epilepsy associated with MTS, by comparing the values of sensitivity, specificity, accuracy and predictive values with those obtained in the qualitative analysis. Our purpose was to demonstrate the usefulness of the HVI and HAI, individual and combined, reporting objective data that may be useful for the diagnosis and precise lateralisation of hippocampal atrophy.
Materials and methods Patients
We performed a retrospective analysis of the institutional database of patients diagnosed with refractory epilepsy that were evaluated during presurgical planning using MRI between April 2014 and June 2017 in a fourth level hospital in Cali, Colombia. Of the 45 patients found, 25 patients had a clinical suspicion of MTS (15 men and 10 women; mean age 36.16 years, age range 18-59 years). The definitive diagnosis was made according to the final report of the institutional review board of epilepsy, in which patients are evaluated by an interdisciplinary group taking into account studies such as magnetic resonance and nuclear imaging (MRI and PET/single-photon emission computed tomography), electroencephalography, or invasive monitoring, neuropsychological evaluations and clinical symptoms. The studies and clinical data were obtained from the picture archiving and communication system and the management system for medical histories of the institution.
The control group (25 subjects: 15 men, 10 women; mean age 35.59 years, age range 19-59 years) was extracted from a database of normal subjects using the technique of matching by propensity score in order to ensure there was no statistically significant difference regarding the age and the gender compared with the MTS group.
This study was approved by the institutional ethics committee, and informed consent was obtained for all subjects.
Acquisition protocol
Studies were conducted using a MRI scanner of 1.5 T (Avanto, Siemens, Germany). The patients were placed in the supine position with immobilisation of the head on the antenna using pads. An axial T1-weighted sequence was performed from the vertex to the posterior fossa of the brain (FOV 256 mm, TE 3.37 ms, TR 1900 ms, flip angle 15 , slice thickness 1 mm, voxel size 1 Â 1 Â 1 mm 3 ). In addition, for qualitative assessment, an acquisition of 24 slices was performed using coronal T2-weighted turbo spin echo (FOV 160 mm, TE 92 ms, TR 4250 ms, slice thickness 3.0 mm, voxel size 0.6 Â 0.5 Â 3.0 mm 3 ) perpendicular to the hippocampus, from the genu to the splenium of the corpus callosum, 24 slices using the T2 fluid-attenuated inversion recovery (FLAIR) (FOV 230 mm, TE 86 ms, TR 9000 ms, slice thickness 5 mm, voxel size 1.1 Â 0.9 Â 5.0 mm 
Qualitative analysis
All structural images were analysed by a radiologist with 16 years' experience in neuroradiology (AMGS). The information from the subjects and clinical data were anonymous throughout the assessment process, and the results were reported using four possible options: (0) healthy; (1) left MTS; (2) right MTS; (3) MTS on a bilateral basis.
Quantitative analysis: processing
Cortical reconstruction and volumetric segmentation was performed with the FreeSurfer image analysis v5.3.0 package on an iMac with an Intel Core i5 processor 3.4 GHz, 32 GB of RAM and the OS X 10.9.5 operating system. FreeSurfer is documented and is available for free (http://surfer.nmr.mgh.harvard.edu/). The technical details of these procedures have been described in previous publications. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] These processes include motion correction, removal of brain tissue, segmentation of the white matter and grey matter of subcortical structures, including the hippocampus and amygdala, intensity normalisation, tessellation of the boundary between the grey matter and white matter, automatic topological correction, deformation of surfaces to determine the contours of grey matter, white matter, and cerebrospinal fluid tissues. Once the cortical models are complete, a series of procedures of deformation are performed for subsequent analysis including inflation of surfaces, alignment to the spherical atlas, parcellation of the cerebral cortex and the generation of different data based on surfaces including maps of curvatures and depths of the sulcus. The morphometric procedures employed by FreeSurfer have demonstrated high reliability between different resonance equipment and magnetic fields.
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Quantitative analysis: analysis Volumetry values were standardised using the HVI, defined as the ratio between the volume of the hippocampus and the total intracranial volume (TIV) multiplied by 100 (HVI ¼ hippocampus volume/TIV Â 100). We obtained a value for the right hippocampus (HVIR) and a value for the left hippocampus (HVIL). The interhemispherical comparison was undertaken using the HAI, defined as the ratio between the difference between the volumetric indices of the left and right hippocampus and the sum of both indices (HAI ¼ 
Statistical analysis
We calculated the sensitivity, specificity and diagnostic accuracy, and PPV and NPV for the correct classification of hippocampal atrophy from qualitative and quantitative evaluation of the resonance studies. A subject classified as left, right or bilateral MTS whose final diagnosis was consistent with what has been reported in the final report of the institutional review board of epilepsy was considered a true positive. A subject classified as healthy whose final diagnosis was associated with left, right or bilateral MTS was considered a false negative. A subject classified as left, right or bilateral MTS whose final diagnosis was healthy was considered a false positive. A subject classified as healthy whose final diagnosis was healthy was considered a true negative. If the subject was classified as an MTS bilateral but the final diagnosis was unilateral MTS, or was classified as a unilateral MTS and the final diagnosis was bilateral MTS, this was considered a false negative.
If a subject, whose final diagnosis was left MTS, was classified as a right MTS, or if a subject was reported as a right MTS but the final diagnosis was left MTS, this was considered as a false negative.
For the HVI and HAI, a curve analysis of the receiver operating characteristic (ROC) was carried out in order to evaluate the performance of the rates used to determine the existence of hippocampal atrophy, if and only if the HVI is less than a value K a , or if the HAI is greater than K b or less than ÀK b . This process allowed a determination of the sensitivity, specificity, PPV and NPV, and the total associated error, depending on the threshold K. In order to determine a threshold value, which is useful for the identification of hippocampal atrophy associated with MTS, values of K were reported that: (a) minimised the number of misclassified subjects (C2 error), and (b) maximised the average sensitivity and specificity observed (C1 error). Then the C2 error is associated with diagnostic accuracy and the C1 error is defined as C1 ¼ 1À(sensitivity þ specificity)/2. Finally, we used the Mann-Whitney test to compare the volume of hippocampal structures in the groups of patients and the control subjects in terms of the HVI and the HAI. A P value less than 0.05 was considered to indicate a statistically significant difference. The analyses were performed using Stata statistical software version 12.1.
Results
Regarding the final report of the institutional review board of epilepsy, MTS was diagnosed in 55.5% (25/45) of all epilepsy patients; 16 patients were diagnosed with right MTS, nine patients with left MTS and none with bilateral MTS. Between the group of control subjects and the group of patients diagnosed with MTS no statistically significant differences were observed by age (P ¼ 0.8799) and gender (P ¼ 1.0000).
In the group of control subjects, no statistically significant differences between the HVIR and HVIL were observed (HVIR ¼ 0.27 AE 0.03, HVIL ¼ 0.27 AE 0.03; P ¼ 0.7932). In terms of gender, the values of the HVIR and HVIL were lower in the male group in comparison with the female group, although the difference was only statistically significant in the HVIL (HVIL male ¼ 0.26, HVIL female ¼ 0.29; P < 0.05).
In the qualitative analysis, values of sensitivity of 44.00%, specificity of 96.00%, PPV of 91.67% and NPV of 63.16% were obtained, with a diagnostic accuracy of 70.00% in the identification and lateralisation of hippocampal atrophy associated with MTS.
In the quantitative analysis on the basis of the HVI (Table 1) , minimum C1 and C2 errors were obtained with the same value of K a ¼ 0.22, with a sensitivity value of 76.00%, specificity of 96.00%, PPV of 95.00% and NPV of 80.00%, with a diagnostic accuracy of 86.00% (Figure 1) . With a value of K a ¼ 0.20, we obtained the same qualitative analysis sensitivity but higher specificity and PPV; whereas with a value of K a 0.25, the same specificity was reported but with greater sensitivity, PPV and NPV.
In the quantitative analysis using the HAI (Table 1) , minimum C1 and C2 errors were obtained with a value of K b ¼ 0.06 and K b ¼ À0.06, with a value of sensitivity of 88.00%, specificity of 100%, 100% PPV and NPV of 89.30%, with an accuracy of 94.00% (Figure 2) . With values of K b ¼ 0.03 and K b ¼ À0.03, we obtained the same specificity as the qualitative analysis but with greater sensitivity, PPV and NPV; whereas with values of K b ¼ 0.14 and K b ¼ À0.14, we obtained the same sensitivity as the qualitative analysis but with greater specificity and NPV.
The HVIR in patients with right MTS was found to be significantly lower than that of the control group (HVIR right MTS ¼ 0.21 AE 0.04; HVIR CG ¼ 0.27 AE 0.03; P < 0.0001), while the HVIL showed no statistically significant difference (HVIL right MTS ¼ 0.27 AE 0.03; HVIL CG ¼ 0.27 AE 0.03; P ¼ 0.8894) (Figure 3 ). In patients with left MTS, a significant decrease in the HVIL was observed (HVIL left MTS ¼ 0.19; HVIL GC ¼ 0.27; P ¼ 0.0152), whereas in the HVIR no statistically significant difference was found (HVIR left MTS ¼ 0.28; HVIR CG ¼ 0.27; P ¼ 0.9648) (Figure 4) . A statistically significant difference in the HAI in the right MTS (HAI right MTS ¼ 0.062 AE 0.035, HAI CG ¼ À0.002 AE 0.0162; P < 0.00001), and left MTS (HAI left MTS ¼ À0.102 AE 0.054, HAI CG ¼ À0.002 AE 0.0162; P < 0.00001) was also observed, compared with the group of control subjects.
Discussion
MTS is the main cause of refractory epilepsy; regarding the final report of the institutional review board of epilepsy, MTS was diagnosed in 55.5% (25/45) of all epilepsy patients, which is related to reports in the literature. 2, 9, 10 The main imaging findings of MTS are decreases in the size of the hippocampus with signal alteration on T2-weighted sequences.
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Conventional MRI, even with high-resolution thin sequences, has reported low predictive values with a sensitivity of 42% and specificity of 80% in the identification of hippocampal atrophy with a high proportion of false negatives; 2,11 they tend to improve in patients with moderate and severe MTS, where values have been reported of sensitivity up to 93% and specificity of 98%. 13 Different factors associated with the technique and the patients mean that the qualitative analysis is susceptible to false negatives, even for expert neuroradiologists. 15, 16 In the present study, values within the ranges reported in other studies were obtained, with a sensitivity of 44.00% and a specificity of 96.00%, where this may be associated with a heterogeneous sample in terms of the severity of the pathology.
Quantitative methods using imaging studies for the identification of hippocampal atrophy have been the subject of research in the past few decades, leading to them becoming a predictive tool for the presence and severity of this disease, especially in difficult cases. Fountas et al., 17 using a MRS technique, found alterations in the concentrations of Cho, Cr, and NAA, as well as NAA/Cho and NAA/Cr ratios in the hippocampus ipsilateral to the MTS, reporting values of sensitivity of 100%, specificity of 80%, PPV of 87% and NPV of 100%. On the other hand, Park et al. 18 obtained a sensitivity value of 85% with a proportion of 15% for false negatives and a false positive rate of 3% in the lateralisation of MTS. In the same study, Park et al. 18 evaluated the usefulness of PET for the lateralisation of the epileptogenic focus associated with MTS, noting a sensitivity value equal to that reported with the use of MRS, although the proportion of false positives was higher (6%). Guo et al., 19 using perfusion techniques with arterial spin labeling (ASL), found statistically significant differences in the cerebral blood flow in patients with MTS and normal subjects which, when evaluated together with conventional MRI, reported a sensitivity of 96.15% in MTS lateralisation. Using the techniques of relaxometry with T2-weighted images, Sa´nchez-Alvarez et al. 13 reported values of sensitivity of 91% and specificity of 92%, whereas Mackay et al. 12 obtained a sensitivity of 72% and specificity of 73% in the lateralisation of MTS.
The volumetric quantification of the hippocampal structures is a widely used technique in the diagnosis of unilateral and bilateral MTS demonstrating predictive values that are higher in comparison with other quantitative techniques. On the other hand, the HVI has shown sensitivity of 55% and specificity of 86% in the identification and lateralisation of MTS in comparison with invasive monitoring. [12] [13] [14] This analysis, however, requires the manual delineation of structures, which is time consuming and is susceptible to inter and intra-observer errors. Automated methods have, in recent years, shown promising results in the identification of hippocampal atrophy in comparison with manual techniques. 20, 21 FreeSurfer is a software package that allows one to perform segmentation of subcortical structures and parcellation the cerebral cortex based on probabilistic information estimated automatically from datasets of manual segmentation. Wenger et al., 21 in a study conducted in healthy subjects, reported values of correlation of r ¼ 0.824 in the measurement of the right hippocampus and r ¼ 0.890 in the left hippocampus, suggesting that the results from FreeSurfer can be as reliable as those obtained with manual techniques. On the other hand, although in the validation performed by Tae et al. 20 FreeSurfer
Similar to the values found in the healthy group in the present study, Ascensio and Ochoa 36 reported HVI values in healthy Colombian subjects of 0.27 AE 0.02 and 0.28 AE 0.02 for the right and left hippocampus, respectively, using automated volumetric techniques. Moreover, no statistically significant difference in the HVI between the right hemisphere and the left hemisphere in healthy subjects was observed in that study, as reported in the literature. 12, 13, [37] [38] [39] Despite some authors having reported that there is no statistically significant difference in the hippocampal values associated with gender, 40, 41 in our study, both the HVIR and HVIL were lower in men than in women, although the difference was only statistically significant in the left hemisphere. This has been reported before, and it has been associated with a lower total intracranial volume and not to a greater volume of hippocampal structures. 38 The results of multiple studies suggest that the predictive values of MRI studies are higher when performing quantitative analysis using the volume of the hippocampal structures in patients with mild or bilateral MTS. Mackay et al. 12 reported an accuracy in the diagnosis of patients with MTS of 74% through quantitative analysis of the magnetic resonance studies with a sensitivity of 55% and specificity of 86%, when compared with invasive techniques. Sa´nchez-Alvarez et al. 13 reported values of sensitivity of 91% and specificity of 92% on the basis of hippocampal volumes and the relationship between these values. Jack et al., 41 using the difference between hippocampus, in terms of units of volume, reported values of sensitivity of 76% and specificity of 100% in comparison with histopathology reports in the diagnosis and lateralisation of patients with suspected MTS. Ashtari et al. 37 reported values of sensitivity of 94% and specificity of 73% in the classification of patients with right MTS, and in patients with left MTS, the value of sensitivity was 89% and specificity was 94%. These values are comparable to our results. In the analysis of the HVI, values of sensitivity of 76.00% and specificity of 96.00% were obtained, with a diagnostic accuracy of 86.00% in the diagnosis and lateralisation of patients with MTS, with a value of HVI of 0.22 (minimising errors C1 and C2).
The predictive values were better with the HAI, obtaining values of sensitivity of 88.00%, specificity of 100% and accuracy of 94.00% using HAI values of 0.06 (right MTS) and À0.06 (left MTS). These results indicate a high true-positive ratio and a low false-negative ratio.
In other words, if the HAI value is over 0.06 or below À0.06, the probability that the subject has unilateral MTS is almost certain; conversely, if the HAI is between these values, the subject is unlikely to have MTS. As some authors have pointed out that the reduction of both hippocampal volume and N-acetyl aspartate concentration in MTS patients is progressive, [42] [43] [44] [45] [46] [47] [48] the false-negative cases obtained may be explained because of a later onset of the disease or a low frequency of seizures. Taking into account that the hippocampal atrophy does not present in a uniform manner, but starts in the dentate gyrus and the CA1, CA4, and to a lesser extent, in the CA3 of the hippocampus, 45 the use of segmentation tools that allow a more in-depth analysis of these structures to be performed might not only further improve the predictive value of the quantitative analysis diagnosis by MRI in cases of mild atrophy, but also might lead to the identification of cases of MTS before there are global changes associated with neuronal loss, gliosis or sclerosis.
There was no difference in terms of the predictive values between the analysis of the HAI and the analysis in conjunction with the HVI. This could be explained by an absence of bilateral MTS cases where the HAI would be expected within the normal range to tend to zero, while the bilateral HVI would tend to be below the threshold of normality. Studies that include this group of patients are needed, in order to determine the additional diagnostic value of the HVI in the analysis, combined with the HAI, in comparison with the individual analysis of the HAI, in the identification of hippocampal atrophy associated with MTS.
Although King et al. 49 reported a series of 110 patients in which the hippocampal atrophy was not in relation with the results of the EEG in 38% of cases, leading to the conclusion that the presence of atrophy in the hippocampal structures is not a good predictor in the identification of the epileptogenic focus, multiple studies associate unilateral hippocampal atrophy with the lateralisation of the epileptogenic focus, even in patients with bitemporal activity in scalp EEG studies. [50] [51] [52] [53] In the results obtained in this study, we observed a correlation between the hippocampal atrophy and the results of the EEG in 22 of the 25 cases (88.0%).
The Montreal Neurological Institute demonstrated the contribution of the identification of hippocampal atrophy from magnetic resonance as a prognostic value with regard to the evolution of crisis after surgical treatment. In a series of 74 patients who underwent temporal lobectomy, 93.6% of the cases, in whom unilateral atrophy was observed, had an excellent postoperative evolution, while only 50% of those who did not have unilateral atrophy had the same outcome. 54 Subsequent studies with concordant results were obtained, even in comparison with spectroscopy and PET studies. [55] [56] [57] [58] Of the 25 patients evaluated in this study, seven were subjected to resective surgery. The final diagnosis was five cases of hippocampal sclerosis and focal dysplasia, and two corresponding to mesial sclerosis. Six patients whose brain volumetry results showed correlation with those obtained through the EEG showed no post-surgical deficits and currently are free of seizures. A patient who showed hippocampal values within normal ranges presented a partial resolution of the crisis, with memory failures one year after the surgery.
Limitations
There are some limitations to this study. First, the sample size is small; further studies should be performed including new cases in order to support the results reported in the present study. On the other hand, the assessment of the optimal threshold values for the HAI was performed using symmetric changes of discrimination values, this means that when the positive value of K b increased, the negative value decreased, the absolute values of K b being equal. However, the mean HAI of the right MTS group was 0.062 AE 0.035, while the mean HAI of the left MTS group was À0.102 AE 0.054. Hence, the absolute optimal threshold value may be different regarding the lateralisation of the pathology. Moreover, as only one neuroradiologist performed the qualitative analysis, the predictive values of the qualitative analysis may be overestimated or underestimated.
Conclusion
The identification of hippocampal atrophy using conventional magnetic resonance frequently may not be accurate, mainly in cases of mild or bilateral atrophy. The quantitative analysis of the HVI and the HAI independently and as a whole, allows the best values of sensitivity and specificity to be obtained in the diagnosis of this pathology and for the lateralisation of the epileptogenic focus. In addition, the identification of hippocampal atrophy is associated with a good postoperative evolution for the patient, demonstrating the prognostic value of this technique. In our institution, quantitative analysis by magnetic resonance is included in the imaging evaluation of all patients with suspected MTS.
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